Radiation therapy with permanent iodine-125 implant brachytherapy is well established for curable prostate cancer. To maximize the therapeutic potential of brachytherapy, delivered radiation doses have been increased accompanied by refined intraoperative procedures of radioactive seeds placement. However, dose escalation is a double-edged sword in prostate brachytherapy; it could induce rectal toxicity, yet is successful in curable treatment in prostate cancer. To reduce irradiation of the rectum, the SpaceOAR ® system has been used to inject synthetic polyethylene glycol hydrogel between the prostate and the rectum. The present report describes a case of spontaneous healing of rectal penetration associated with SpaceOAR ® hydrogel.
Introduction
Permanent iodine-125 implant brachytherapy (PI) with or without external beam radiotherapy (EBRT) is a standard, definitive radiotherapy for localized prostate cancer. As the intraoperative placement of PI seeds has been refined, delivered radiation doses have increased, thus maximizing the therapeutic potential of PI (1) . However, the escalation of local radiation doses can potentially lead to acute and chronic toxicities in other organs. The SpaceOAR ® System (Augmenix Inc.) is a synthetic polyethylene glycol hydrogel injected between the prostate and rectum that moves the rectum away from the prostate to reduce irradiation of the anterior rectal wall (2) . This is the report of spontaneous healing of rectal penetration associated with SpaceOAR ® hydrogel to be evaluated by both magnetic resonance imaging (MRI) and colonofiberoscopy (CF).
Case report
A 63-year-old man with previous sigmoidectomy due to diverticular perforation presented with a serum prostate-specific antigen level of 7.17 ng/ml. Although digital rectal examination (DRE) detected no specific firmness of the prostate gland, magnetic resonance imaging (MRI) revealed the suspicion of prostate cancer in the transitional zone of the left lobe. The patient underwent prostate biopsy, and histological examination of the specimen was interpreted as multifocal adenocarcinoma of the prostate with Gleason score 4+3 and to be of intermediate risk. PI with EBRT was elected for treatment. Due to the history of diverticular perforation, CF was performed prior to PI and showed no abnormal findings such as hemorrhoids or rectal tumor. PI was performed with 60 radioactive iodine-125 seeds using the ultrasonography-guided intraoperative transperineal technique (3). The total prescribed dose was 104 Gy. Subsequently, SpaceOAR ® hydrogel was injected into the space between the prostate and anterior rectal wall using the same technique as mentioned above (3). DRE immediately following the injection revealed intact rectal mucosa. Twenty-four hours after PI, postimplant computed tomography (CT) scan showed good seed placements within the prostate and that the rectal volume receiving 100% of the prescribed dose (R 100 ) was 0.81 ml.
One month after implantation, the patient complained of repeated incidents of mucous and blood in his stool and underwent another CF, which confirmed the presence of mucosal ulceration and necrosis of the anterior rectal wall ( Fig. 1 ). However, the findings did not suggest proctitis. Although a CT scan revealed air in the space between the prostate and anterior rectal wall (Fig. 2) , the relationship between the rectal wall and hydrogel was unclear. In contrast, the MRI clearly indicated penetration of the rectum to the retroperitoneal space where the hydrogel was injected (Fig. 3) . The patient did not complain of constitutional symptoms including abdominal pain and fever suggesting infection or an intraperitoneal perforation. Therefore, he decided to be monitored closely without any treatment. Complete healing was confirmed by both CF and MRI one month after the diagnosis of penetration ( Fig. 4) , therefore he will be treated by EBRT with less radiation dose for rectum three months after the healing.
Discussion
The SpaceOAR ® System is a safety technique used to reduce irradiation of the rectum by PI (2). Teh et al reported rectal ulcer associated with SpaceOAR ® hydrogel that was diagnosed by DRE and CF following spontaneous healing with a low-fiber diet (4). To the best of our knowledge, the present report is the first to show spontaneous healing of SpaceOAR ® hydrogel-associated rectal penetration that was evaluated by MRI and CF. Mechanisms of hydrogel-induced rectal injury proposed include infection, mechanical injury, ischemic injury and radiation injury. In this case, no infections and no radiation proctitis were observed. In fact, the radiation dose to the rectum was very satisfactory safety and spontaneous healing was observed without any treatment including antimicrobial agents. In our hospital, more than grade 3 rectal toxicity evaluated by Common Terminology Criteria for Adverse Events version 4.0 were only 3 cases of 298 and all cases were treated by PI + EBRT. The incidence rate of PI-induced rectal toxicity in previous report is 0.33 to 3.1% (5,6), and our incidence rate is 1.0%. Hence, the other two mechanisms, ischemic injury due to excessive tension by hydrogel or mechanical injury due to migration of the injection needle were most likely the same as in a previous report (4) . This is the third case of SpaceOAR ® hydrogel in our hospital. It should be recognized that the hydrogel insertion is a traumatic procedure and may cause some adverse events including rectal ulcer. Further clinical study will be needed to elucidate the mechanism of hydrogel-induced rectal injury.
It was already reported that MRI detects SpaceOAR ® hydrogel more clearly than CT scanning (7) . Teh et al also noted that routine MRI evaluation of SpaceOAR ® hydrogel is not necessary unless rectal symptoms and signs are present (4) . There is no studies demonstrating the importance of MRI for hydrogel-induced rectal injury, however some studies reported that MRI plays an important role in the evaluation of carcinoma induced rectal perforation and depth of perianal fi stulas (8) (9) (10) (11) . In our patient, MRI helped to diagnose the exact depth of the ulcer with no perforation and the relationship between the ulcer and the SpaceOAR ® hydrogel.
In summary, SpaceOAR ® hydrogel-associated rectal penetration could be healed spontaneously without any treatment only if the patient shows no severe symptoms suggesting rectal perforation. In such a case, MRI may be considered to evaluate exact depth of penetration same as rectal perforation by rectal cancer or anal fi stula (8) (9) (10) (11) .
